PRION-FREE TRANSGENIC UNGULATES 



Cross Reference to Related Application 

This application claims priority from U.S. Provisional Patent Application 
Serial No. 60/191,772, filed March 24, 2000, and is incorporated herein in its entirety. 

Field of the Invention 

The present invention relates to transgenic and cloned ungulates and 
particularly cattle comprising a gene deletion or disruption, and specifically cattle 
having a deletion or disruption in the prion gene. Cattle that do not express prions 
maybe unsusceptible to prion-related diseases such as bovine spongiform 
encephalopy (BSE), or Mad Cow Disease, and are therefor a preferred source for 
producing human therapeutics and other products. Creation of a line of cattle that are 
protected from contracting and transmitting prion-related diseases will safe-guard 
against the possible spread of such diseases to humans. 

Background of the Invention 

Prion-based diseases 

Prion diseases are fatal neurodegenerative diseases that are transmittable to 
humans and other mammals.^ The most well known forms are scrapie in sheep, 
bovine spongiform encephalopathy (BSE) or Mad Cow Disease in cattle, and 
Creutzfeldt- Jakob Disease (CJD) in humans. Prior to 1987, spongiform 
encephalopathies were thought to be rare, and confined to sheep. By the 1990s, a 
growing number of cattle were afflicted with BSE, primarily in the UK. hi addition, 
spongiform encephalopathies have been detected in zoo animals, mink, deer, and 
domestic cats.^ 

BSE was first recognized in 1986 in the United Kingdom. Now some reports 
state that more than 55% of cattle in the UK are infected with BSE,^ The rapid 
increase in the number of reported cases can be linked to the inclusion of infected 
bovine and ovine bone and meat products in food meant for cattle consumption - a 
sort of forced cannibaUsm on the part of the cattle, in the late 1970s.^ hi controlled 
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experiments, BSE can be transmitted to cattle, mice, sheep, goats, pigs and monkeys 

8-13 

by either intracerebral injection or direct consumption of infected tissue. " 

There are several human prion diseases which have been identified, Kimi, 
once seen in the Fore Highlanders of New Guinea, was characterized by loss of 
coordination (ataxia) and often later by dementia. It was probably passed through 
rituaUstic cannibalism, wherein the tribe would honor the dead by eating their brains. 
CJD, in contrast, occurs world-wide and typically manifests itself as dementia. Most 
of the time it appears sporadically, striking one person in a million, typically around 
the age of sixty. About 10-15% of the cases are inherited, and some cases are caused 
inadvertently through attempts to cure other disorders. For instance, CJD has been 
transmitted by corneal transplantation, implantation of dura mater or electrodes in the 
brain, and injection of human growth hormone before it was produced recombinantly. 
Two other human disorders are Gerstmann-Straussler-Scheinker disease and fatal 
famihal insomnia, both of which are usually inherited and typically appear in mid- 
life.^^ 

In the 1990s, a variant form of Creutzfeldt- Jakob disease (vCJD) was 
recognized. The form of the protease resistant prion protein in this human variant is 
different than inherited CJD, but identical to both naturally transmitted and 
experimentally-induced BSE.^"^ Thus, it is postulated that vCJD is the result of human 
infection by consumption of contaminated beef or other bovine products. BSE has 
also been transmitted through ingestion of contaminated food to domestic cats.^^' 
More than one miUion infected cows may have entered the food chain in the UK, 
suggesting that controls need to be put into place in the United States and in other 
countries as well to prevent the spread of this deadly disease. To date, 48 British 
people have died from vCJD and there is new evidence that this variant form of CJD 
and BSE are one in the same. 

The PrP sene and protein 

The infectious agent of BSE and other prion-based diseases is a cellular protein named 
PrP. PrP is a cell membrane-associated glycoprotein expressed in the central and 
peripheral nervous systems.^^' In.scrapie, BSE and CJD, the normally protease- 
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sensitive PrP protein becomes protease-resistant. This apparently occurs through a 
change in protein conformation whereby the normal cellular form consisting primarily 
of alpha helices changes into the disease form consisting mainly of beta sheets.'^'' This 
change in conformation may occur more readily with certain PrP mutations. For 
5 instance, in one inherited form of human CJD, Pro is mutated to Leu. When this 
mutation is introduced into transgenic mice, these animals develop CNS degeneration 
and amyloid-like PrP plaques. ^^'^^ 

It is not exactly clear how one or all cellular prions suddenly switch 
conformation, but one hypothesis is that a disease prion having a beta sheet 

10 conformation somehow induces the alpha helical prions to also change to a beta sheet 
conformation. For instance, it has been shown that when cellular and scrapie prions 
are mixed together in a test tube, cellular prions are converted into scrapie prions,"^*^ It 
has been postulated that some mutations in the prion gene render the resulting proteins 
more susceptible to flipping into the beta sheet conformation. Presumably it takes 

15 time until one molecule spontaneously flips and still more time for disease prions to 
accumulate and damage the brain enough to cause symptoms."^^ Alternatively, there 
may be other factors or proteins which influence the likelihood of conversion. For 
instance, it has been shown that certain bacterial and yeast chaperone proteins make 
the conversion to the beta sheet form much more efficient."^^ 

20 The gene for PrP, called PKNP is located on chromosome 20 in humans.^^' 

The gene consists of three exons, with an mRNA of approximately 2.4 kb in humans. 
The third exon of PRNP contains the entire protein coding domain and encodes a 25 
kDa protein. Twenty different mutations in the human PRNP gene have been found in 
inherited prion diseases.^ In sporadic CJD, no coding mutations in the PrP protein 

25 have been found, but all patients are homozygous for a methionine residue at position 
129. This may indicate that this polymorphism predisposes to infection with certain 
prion strains. Prion particles from the new variant strain of CJD (vCJD) has been 
shown to have a glycosylation pattern different than other human prion isoforms, but 
similar to BSE prions, and like sporadic CJD, no protein coding mutation at residue 

30 position 129.^"^ These data are consistent with the hypothesis that the new variant 
strain of CJD arose from BSE transmission to humans. 
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Prevention and control of prion-based diseases 

There is no known cure for any of the prion-based encephalopathies. Thus, 
guidehnes to control the spread of the disease in both hvestock and humans have been 
put into place by the World Health Organization and other national and international 
5 coalitions. In 1988, all bovine material was banned from food meant for cattle 
consumption. By 1989, the Spongiform Encephalopathy Advisory Committee 
(SEAC) recommended that the brain, spleen, thymus, tonsil, and gut should be 
discarded from all cattle, and that clinically ill cattle should be incinerated. 
Unfortunately, according to SEAC, these guidelines were put in place too late to 

10 prevent the spread of BSE from infected meat products to humans.^ 

Only one drug has been shown to control the onset of neurodegeneration by 
prions in an animal, hi a controlled study using amphotericin B, this agent delayed the 
accumulation of PrP^^ in scrapie-infected hamsters. Other compounds, including 
pentosan polysulfate and Congo red prevent accumulation of PrP^^ in cell culture, but 

1 5 have not been tested in animal models.^^ 

Research in the field of prevention and control of prion-based diseases has 
shown that one copy of a normal PRNP gene is necessary for both susceptibility to 
and transmission of the disease. Mice containing a targeted deletion of both copies of 
the PRNP gene are resistant to intracerebral inoculation of scrapie prions."^ "^^"^^ 

20 Thus, the disease requires synthesis of endogenous prions for accumulation of enough 
disease prions to result in neurodegenerative symptoms. The PrP knockout mice have 
normal behavior, normal development and can reproduce, suggesting that PrP is not 
necessary for viability or fertility.^^ These data suggest that creation of animals 
lacking the PRNP gene may halt the spread of prion-based diseases from livestock to 

25 humans and other animals. 

There is no known cure for Bovine Spongiform Encephalitis (BSE) or the 
human equivalent, Creutzfeldt- Jakob disease (CJD). An altered form of the prion 
(PrP) gene and an endogenous PrP gene are necessary for infection. It is widely 
accepted that infected cows transmit the disease to humans as CJD. A murine model 

30 demonstrated that ablation of the PrP gene prevents scrapie. We seek to eradicate the 
susceptibility to BSE in genetically modified cattle. We propose to clone a calf that 
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contains a targeted deletion of the PrP gene. Specific aims 1) design and construct a 
gene targeting vector. 11) use this vector to carry out homologous recombination in 
bovine fetal fibroblasts and identify gene targeted cells with null-mutation on one 
allele of PrP gene. Ill) generate PrP heterozygous knockout (KO) bovine fetuses by 
5 nuclear transfer using gene-targeted cells generated fi*om aim 11. IV) genotype cloned 
fetuses and isolate PrP heterozyous KO fetal fibroblasts. V) carry out homologous 
recombination in PrP heterozyous KO fetal fibroblasts, and identify gene targeted 
cells with null-mutations on both alleles of the PrP gene. VI) generate a PrP 
homozygous KO bovine calf. Prion- free transgenic cattle will be used as sources of 
10 pharmaceutical, cosmetic, human therapeutics, and food products. 



Summary of the Invention 

The present invention discloses the first transgenic cattle to have a gene 
deletion, hi particular, the invention encompasses transgenic and cloned ungulates 

1 5 containing a deletion or disruption in the endogenous prion gene, in either one or both 
chromosomes, such that the ungulates have less susceptibility or no susceptibility to 
prion-based diseases such as scrapie and bovine spongiform encephalitis (BSE). 
Generally, the deletions are engineered by homologously recombining a heterologous 
DNA into the prion gene locus such that all or part of the protein codon region is 

20 replaced or deleted. The ungulates of the present invention may in addition have a 
heterologous transgene which is extraneous to the prion locus for the purpose of 
producing therapeutic recombinant proteins, facilitating xenotransplantation of tissue, 
and studying prion-based diseases. 



25 Brief Description of the Drawings 

Figure 1 , Diagram showing the putative structure of the bovine PrP gene 
based on Accession numbers D26150 and D26151.^^ The prion gene in other animals 
and humans is composed of three exons with the entire coding region being contained 
within the third exon. 

30 Figure 2. (A) Structure of proposed targeting vectors 1-4. Each of these 

targeting vectors uses part of intron 1 and exon 2 for the 5' flanking region and the 
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untranslated region of exon 3 for the 3* flanking region. All of intron 2 and all of the 
protein coding region of exon 3 has been deleted. (B) Structure of proposed targeting 
vectors 5-8. Each of these targeting vectors uses part of intron 2 and part of exon 3, 
including the exon 3 splice acceptor site for the 5' flanking region. The 3' flanking 
region is the same as in vectors 1-4 and contains only the 3' untranslated region of 
exon 3. Most of the protein coding region of exon 3 has be deleted, leaving only 3 
amino acids of the protein present. 

Figure 3. Expression of prion mRNA in bovine embryonic fibroblast (BEF) 
cells. Ten micrograms of RNA was isolated from BEF cells and GTl-7 cells, a 
hypothalamic transformed cell line, run on a formaldehyde agarose gel, transferred to 
a nitrocellulose membrane and probed with a 1 kb Sst fragment from the human PrP 
cDNA. The ethidium bromide stained ribosomal RNAs confirm that each sample was 
equally loaded. 

Figure 4. Southern analysis of bovine PRNP gene. Equal amounts of BEF 
genomic DNA was digested with the indicated enzyme, separated on an 0.8% agarose 
gel, transferred to nitrocellulose membrane and probed with human PRNP cDNA, 

Figure 5 shows a targeting vector and structure of recombined PrP gene. 

Figure 6 shows PGR products used for cloning of PrP. 

Figure 7 shows cell survival in electroporation of BFF cells transfected with 
pPNT andpPRP. 

Figure 8 shows the results of another experiment wherein BFF cells were 
transfected with pPNT. 

Figure 9 shows electroporation of BFF cells with pPRP. 

Figure 10 shows G418 treatment of untransfected BFF cells. 

Figure 1 1 shows G418 treatment of BFF cells transfected with pPNT. 

Figure 12 shows genomic DNA organization of bovine PrP and depicts 
schematically the gene targeting strategy. The top panel shows that the bovine PrP 
gene is composed of three exons and two introns, spanning over 20 Kb region [40]. 
Exon 1 and 2 which are 53 bp and 98 bp, respectively, are transcribed as 5' UTR, and 
the Exon 3 contains sequence of 10 bp 5 'UTR, 795 bp coding region and about 3.3 Kb 
3' UTR, hitron 1 and 2 are about 2.4 Kb and 14 Kb in site. The middle pamel shows 
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that the targeting vector contains a part of the intron 2 sequence (at least 7 Kb, exon 3 
in which the base PrP coding sequence is completely deleted and replaced with a 
promoterless neomycin resistant gene, and partial downstream genomic sequence of 
exon 3. The expression of the neomycin resistance gene is under the control of the 
5 endogenous PrP promoter and its regulating elements. The bottom panel shows the 
targeted bovine PrP allele after homologous recombination. The shaded boxes are 
exons; open boxes contain names of genes with the ATP start color identified. 

Detailed Description of the Invention 

1 0 The present invention concerns transgenic ungulates and particularly bovines 

comprising a targeted gene deletion, hi particular, the invention relates to transgenic 
ungulates bearing a either a homozygous or heterozygous deletion or disruption of the 
prion gene. For transgenic cattle bearing a homozygous deletion or disruption, the 
deletion or disruption prevents expression of a functional endogenous prion protein, 

1 5 wherein lack of expression of a functional endogenous prion protein renders said 
cattle imsusceptible to prion-related diseases. For transgenic cattle which are 
heterozygous for the prion deletion or disruption, the deletion or disruption renders 
said cattle less susceptible to prion related diseases due to decreased expression of the 
prion protein, hi particular, said cattle are unsusceptible or less susceptible to bovine 

20 spongiform encephalitis (BSE), or Mad Cow Disease. However, deletion or 

disruption of the prion gene will render the animals unsusceptible or less susceptible, 
respectively, to any prion-related disease. 

The prion deletions or disruptions of the present invention are preferably 
created by homologous recombination of heterologous DNA into the prion gene locus. 

25 Said heterologous DNA preferably comprises a selectable marker to facihtate 
identification and isolation of cells which contain the deletion or disruption. 
However, any heterologous DNA may be used for homologous recombination. 
Likewise, a second heterologous DNA may be exchanged for the selectable marker 
after selection and isolation of cells containing the deletion or disruption using 

30 homologous recombination. Alternatively, the heterologous DNA may be excluded or 
deleted after homologous recombinant cells are generated. 
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Where the heterologous DNA comprises a selectable marker, it is preferably a 
neomycin resistance gene. Said selectable marker may be operably linked to a 
promoter which functions in bovine cells, such as the PGK promoter. Alternatively, 
the selectable gene may initially be promoterless if the targeting construct for creating 
5 the deletion or disruption recombines into the prion gene locus such that the selectable 
marker gene is expressed from the prion gene promoter. 

The transgenic ungulates of the present invention may also contain a 
heterologous gene that is extraneous to the prion gene locus. For instance, a second 
heterologous gene may be operably linked to a mammary-specific promoter, thereby 

1 0 enabling the production of a heterologous protein in the milk of the transgenic 

ungulate. For bo vines, this is a convenient way of producing recombinant therapeutic 
proteins for the treatment of human diseases, which would have the added advantage 
that the bovines used to make the proteins are prion-free, thereby reducing the risk of 
transmission of spongiform encephalopies. Accordingly, the present invention also 

1 5 comprises a method of using such transgenic female bovines for the production of 
recombinant proteins. 

Another example of a second heterologous gene which could be introduced 
into the ungulates of the present invention is a mutant prion gene. Several alleles of 
prion genes from various species have been identified which confer an increased 

20 susceptibility to prion-related diseases. Ungulates of the present invention which have 
a homozygous deletion or disruption of the endogenous prion gene and which are 
transgenic for such mutant alleles provide an ideal vehicle for studying the 
progression of prion-related disease in such animals without interference from prions 
encoded by other alleles of the gene. Moreover, developing a cloned line of such 

25 transgenic ungulates introduces the additional advantage of having an isogenic 

background, which is particularly ideal for studying complex disease processes where 
other proteins could conceivably be involved. 

Accordingly, the present invention also encompasses cloned transgenic 
ungulates having the same genotype. Techniques for cloning cattle using nuclear 

30 transfer techniques have been discussed in detail in U.S Patents 5,945,577 and 

6,147,276, herein incorporated by reference. The cloned transgenic ungulates may 
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also bear a heterologous gene that is extraneous to the prion gene locus. 

Developing a cloned line of transgenic mammals has advantages that surpass 
creating an isogenic background for the study of disease progression. Such techniques 
allow the production of several animals simultaneously; the techniques allow for sex 
selection of the founder animals; and the need for entire generations of animals may 
be surpassed, thereby expediting creation of a transgenic line. Accordingly, the 
cloned transgenic bovines of the present invention encompass every variation of 
luigulate described herein. 

Also in this regard, the present invention encompasses not just one cloned 
transgenic bovine, but relates to "lines" of transgenic bovines all having the same 
genotype. Just as it is advantagous to have a hne of cells which are each genetically 
identical, so is it advantageous to have a line of mammals which are genetically 
identically, for rehability, uniformity, etc. Imagine trying to study the affects of a 
reagent on a population of cells which are all genetically distinct. Having a uniform 
population of cells enables one to make reasoned predictions and valid conclusions 
concerning an entire population of mammals, without having to factor in the effects of 
genetic diversity. 

Thus, the present invention encompasses a method of using transgenic 
ungulates, and particularly cloned transgenic ungulates, containing a homozygous 
deletion or disruption in the endogenous prion gene and a heterologous mutant prion 
gene, to screen for or evaluate agents which may be used in the treatment or 
prevention of spongiform encephalopathies. Such a method comprises (1) 
administering a putative therapeutic agent to said transgenic ungulate before or after 
the development of said prion-related spongiform encephalopy; and (2) monitoring 
said ungulate to determine whether the relevant prion-related spongiform encephalopy 
has been prevented or treated. Agents to be screened might encompass antisense 
nucleic acids, chemicals, antibodies or other protein ligands which inhibit either 
expression of the mutant prion gene, the initial conversion of cellular prions to 
disease-specific prions, or the conversion of cellular prions through interaction with 
disease-specific prions. 



The transgenic ungulates of the present invention also find use as a source of 
tissues and cells for xenotransplantation. For instance, these animals could be used as 
a source of fetal neurons to treat both Parkinson's and Huntington's Disease. One 
product for Parkinson's disease has already demonstrated proof of principle in a pre- 
5 clinical model. This research has shown that fetal neurons from cloned cattle can be 
grafted into the Parkinsonian rat reversing Parkinson's disease symptoms?^ It may 
then be possible to use transgenic bovine neurons to treat human neurodegenerative 
diseases. Fetal neurons can be implanted into the diseased brain of these human 
patients resulting in some relief of symptoms, ^^"^^ One of the controversies in this 

10 field is in the use of human fetuses for transplantation. Likewise, transplantation of 
human corneas, and dura matter graphs have resulted in infectious CJD in more than 
60 humans,^ To avoid the possibility of transmissible spongiform encephalopathies, 
the fetal tissues used for transplantation should come from PrP-free ungulate fetuses. 
Accordingly, the present invention encompasses a method of 

15 xenotransplantation using fetal tissue or cells derived from the transgenic ungulates, 
said method comprising (1) generating a transgenic fetus with a homozygous deletion 
or disruption in the endogenous prion gene, either by mating or cloning techniques; 
(2) isolating tissue or cells of interest from said fetus; and (3) transplanting the fetal 
tissue or cells into a recipient mammal Preferably, the cells are fetal neuron cells 

20 which are used to treat either Parkinson's or Huntington's disease. Alternatively, fetal 
corneal tissue may be used to replace a damaged human cornea. The transgenic 
ungulates used as a source of tissue may also comprise a heterologous DNA, or a 
second gene deletion or disruption, which acts to deter transplant rejection. 

hi this regard, the present invention also encompasses transgenic ungulates 

25 bearing at least one other deletion or disruption that is extraneous to the prion gene 
locus. Such animals may also comprise a heterologous DNA extraneous to the prion 
disruption, and are particularly usefril in the context of ungulates transgenic for mutant 
prion genes in that such mammals may be used to study the affects of other gene 
deletions on prion-related disease processes. 

30 Prion-free cattle can also be used to increase the safety profile of bovine- 

derived products such as Bovine Serum Albumin (used as a carrier in many human 
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medications, and in research laboratories) and Fetal Calf Serum (for cell culture in 
laboratories). Furthermore, prion- free cattle could be used by the agriculture industry 
to ensure safe meat products to consumers, Hvestock and domestic animals. Now that 
the methodology to create transgenic cattle has resulted in several live-bom transgenic 
5 calves, it would be advantageous to supplement that technology by creating future 
transgenic lines that are unable to transmit, or contract BSE. 

Also encompassed in the present invention are the nucleic acid constructs used 
to isolate and characterize an imgulate prion gene, and particularly the bovine prion 
gene, as well as those used to construct the targeting DNA molecule, the targeting 

1 0 constructs and plasmid derivatives. Specifically, the present invention encompasses 
an isolated DNA molecule comprising at least part of the bovine prion gene promoter 
operably linked to a selectable marker gene coding region or a reporter gene coding 
region. The phrase "at least part of the bovine promoter" indicates that the DNA 
molecule contains a sufficient amount of the promoter region to facilitate homologous 

1 5 recombination when included in a targeting construct comprising a second bovine 
DNA sequence from or adjacent to the bovine prion gene locus. However, also 
included are DNA molecules containing functional portions of the promoter operably 
linked to a selectable marker or reporter gene, which may be used for the purpose of 
monitoring transcription from the prion gene promoter in vivo or in vitro, for example, 

20 in response to transcriptional or translational regulatory mechanisms. 

Preferably the selectable marker is a neomycin resistance gene. Targeting 
constructs may also contain a thymidine kinase gene to enable both positive and 
negative selection of homologous recombinants. Also encompassed are plasmid 
vectors comprising the isolated DNA molecule of the invention, wherein a preferred 

25 plasmid vector is one having a pUC backbone such as pBluescript (Stratagene) or 
pCR-Topo n (hivitrogen). 

More generally, the present invention encompasses a DNA targeting molecule 
capable of specifically and fimctionally deleting or disrupting expression of an 
ungulate prion gene, wherein said disruption occurs by homologous recombination 

30 into the prion gene locus. Li this case, one arm of the targeting construct need not 
necessarily be the prion gene promoter, so long as the targeting construct results in 
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homologous recombinants unable to express the endogenous gene. Indeed, the 
targeting molecule may encompass a selectable marker gene operably linked to any 
promoter capable of functioning in ungulate or bovine cells, but preferably the PGK 
promoter is used. These molecules may also optionally contain a thymidine kinase 
5 gene for negative selection of cells which incorporate the targeting molecule by means 
other than homologous recombination. Because the entire coding region of the gene 
is contained within exon 3, targeting molecules of the present invention preferably 
facilitates the deletion or disruption of at least exon 3 of the prion gene. Plasmid 
vectors comprising the DNA targeting molecules are also encompassed, 

10 Also encompassed in the present invention are methods of making the 

transgenic ungulates using the targeting DNA molecules of the present invention. 
Specifically, a method of making a transgenic ungulate heterozygous for the prion 
gene deletion or disruption comprises the steps of: (1) isolating genomic DNA from 
ungulate cells; (2) isolating a prion gene allele from said genomic DNA; (3) 

15 determining a restriction enzyme map and the intron/ exon structure of the ungulate 
prion gene allele isolated from said bovine genomic DNA; (4) sub-cloning fragments 
from said prion gene allele for the construction of a targeting DNA molecule; (5) 
constructing a targeting DNA molecule which is capable of disrupting or deleting a 
prion gene allele by homologous recombination; (6) transfecting said ungulate cells 

20 such that homologous recombinants are isolated; (7) transferring the nuclei from a 
transfected cell containing the targeting molecule homologously recombined into a 
prion gene allele to the cytoplasm of an enucleated mature ungulate oocyte; (8) 
culturing said oocyte to form a blastocyst; and (9) transferring said blastocyst to a 
recipient mammal such that a transgenic imgulate according to the invention is bom. 

25 Homozygous transgenic ungulates are then obtained by breeding the heterogenous 
transgenic ungulates, or by targeting a deletion of the other allele using primary 
fibroblasts. Alternatively, a homozygous deletion or disruption may be isolated in the 
initial fibroblast cell. 

It is noted that the method of making the transgenic ungulate is most readily 

30 accomplished using nuclear transfer techniques due to the fact that homologous 
recombinants may be isolated using a cell line that is easy to propagate, then the 
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nuclei of these recombinants may then be readily transferred to an enucleated oocyte. 
However, it should be apparent that transgenic mammals may also be made by the 
standard technique of transfecting the targeting construct directly into embryonic stem 
cells. 

5 The cells used for isolating genomic DNA and the prion gene locus are 

generally primary fibroblast cells. For the transgenic cattle of the invention, these cells 
are preferably derived from fetal fibroblast cells such as BEF cells. However, the 
cells which are used for isolation of the genomic DNA and generation of the donor 
nuclei may also be adult fibroblast cells, the feasibility of which has been 
10 demonstrated in U.S. Patent No, 5,945,577, herein incorporated by reference. 
Definitions 

'% The term ungulate encompasses horses, cattle, sheep, goats, deer, and any 

■ ^ other hoofed mammal. 

^ H The phrase "disruption" means that the deleted portion of the prion gene may 

y 15 be replaced with heterologous DNA such that the gene is disrupted, while "deletion" 

" ' encompasses deletions which do not accompany an insertion of heterologous DNA. 

'^-i While deletions of the present invention need not encompass the entire prion gene, the 

ij deletions or disruptions are engineered such that no fimctional prion protein is 

™^ expressed, and no aberrant variant protein is produced, i.e., a truncation. Li fact, 

20 Shmerling et al. (1998) prepared knockout mice expressing PrPs with amino-proximal 
deletions and found that certain truncated derivatives caused severe ataxia and death 
as early as one to three months after birth. ^ 

The term "prion-related diseases" encompasses scrapie, bovine spongiform 
encephalopy, or Mad Cow Disease, and any other variety of prion-based 
25 neurodegenerative disease to which ungulates are susceptible. This includes any 

cross-species disorders which are caused by exposure of ungulates to infectious prions 
from any other mammal or human. 

The phrase "selectable marker" generally means any gene which by its 
expression enables specific selection of cells which express the gene over cells which 
30 do not. However, the term may also included markers which are screened, i.e., by 
visual screening assays, color indicator assays, or the like, so long as the use of said 
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marker in combination with the transfection protocol enables identification and 
selection of homologous recombinants. 

The phrase "extraneous to the prion gene locus" merely means that the 
secondary heterologous DNA is unrelated to and unnecessary for the knockout at the 
5 prion locus. However, because said heterologous DNA exists and is expressed 

independently, it may also be located within the homologously recombined region so 
long as it does not disrupt with selection of homologous recombinants, expression of 
the selectable marker, etc. 

The phrase "operably linked" means that the DNA fragments are linked or 
1 0 connected in such a way that expression of one is dependent on the functioning of the 
other. 

The phrase "derived from" means originating from and does not encompass 
any derivation which departs from the spirit and crux of the invention. 

The scope of the present invention is illustrated by the following exemplary 
15 experiments. 

Experimental overview 

The present invention involves isolation of the bovine PrP gene (PRNP), 
construction of the targeting vector, transfection of the donor cells, nuclear transfer of 
the donor nucleus to an enucleated oocyte, and transfer of the oocyte to a recipient 
20 mother. Nuclear transfer techniques are described in detail in U.S. Patent No. 

5,945,577, which is herein incorporated by reference. The remaining techniques 
involve the following: 

1. Cloning and characterization of the bovine PrP gene 

The primary fibroblast cells used herein (BEF cells) have been used previously 
25 to create cloned transgenic cattle."^ Genomic DNA has been isolated from these cells, 
and used to make a BEF genomic library. The intron/exon structure of the isogenic 
(BEF) PrP gene (PRNP) is determined, based on putative bovine PrP structure as 
predicted from the sequence of other bovine PRNP genes.^ 

2. Construction of targeting vectors for the bovine PrP gene 

30 Eight different targeting vectors for the PrP gene are proposed. Vectors 2, 3, 6 

and 7 are positive-negative selection targeting vectors containing a positive selectable 
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marker (neomycin) driven by the PGK promoter, and a negative selectable marker 
(thymidine kinase) driven by the herpes simplex virus (HSV) promoter, along with 
flanking DNA from the isogenic bovine PRNP gene (see Figure 2A and 2B). 
Targeting vectors 1 and 5 contain thymidine kinase as a negative selectable marker 
5 driven by the HSV promoter and a promoterless positive selectable marker driven by 
the HSV promoter and a promoterless positive selectable marker (neomycin) along 
with flanking DNA from the isogenic bovine PRNP gene. Correct integration of the 
targeting vector results in transcription of neo driven by the endogenous PrP promoter. 
Targeting vectors 4 and 8 enable only positive selection, and contain a promoterless 
10 positive selectable marker (neomycin) along with flanking DNA from the isogenic 
bovine PRNP gene. Expression of the neo gene is driven by the endogenous bovine 
fi PRNP promoter. 

12 Optimization of targeting efficiency 

The optimal conditions for drug selection and electroporation are determined 
15 using both a control vector and the final targeting vector. Given the low rate of 

homologous recombination in normal diploid cells, this is a necessary step to ensure 
r] high transfection efficiency and effective drug selection conditions to isolate rare cells 

lli containing a targeted deletion of PRNP. 

□ Experimental methods 

■"^ 20 Extended (Long) polymerase chain reaction 

The PRNP gene is amplified from BEF genomic DNA using the primer sets 
shown in Table 1, and the EXPANDO 20 kB Plus PGR system (Boehringer 
Mannheim) according to manufacturers' instructions. Amplified DNA is subcloned 
into pCR-XL-Topo 11 vector using the PGR cloning kit (Mvitrogen). 
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Table 1 . Primers used for cloning the bovine PRNP gene. 



Primer 
Name 


Sequence 


Position 
in PRNP 


A 


5'-GCA GAG CTG AGA CGC TCT TC-3' 


Exon 1 


B 


5'-CAG CTC AAG TTG GAT TTG TGT C-3' 


Exon 2 


C 


5'-GTT CAT AGA CCC AGG GTC CAC C-3' 


Exon 3 


D 


5'-CAG TGC ACG CTG TAA GGC TAA G-3' 


Exon 3 


PrPls 


5'-GGG CAA CCT TCC TGT TTT CAT TAT C-3' 


Exon 3 


PrPla 


5'-CCA TAC ACT GCA CAA ATA CAT TTT CGC-3' 


Exon 3 


PrP3a 


5'-CAT AAT GAA AAC AGG AAG GTT GCC C-3' 


Exon 3 


PrP3b 


5'-GCG AAA ATG TAT TTG TGC AGT GTA TGG-3' 


Exon 3 


PrP2a 


5'-GAC ACA AAT CCA ACT TGA GCT G-3' 


Exon 2 


PrP3c 


5'-CAC CAT GAT GAC TTA TCT GC-3' 


Exon 3 


PrPSd 


5'-GAA CCA GGA TCC AAC TGC CTA TG-3' 


Exon 3 



Library screening and hybridization 
5 Phage DNA is hybridized to a 2.5 kb EcoRI "^^P-random-prime labeled probe 

of the full length human PrP cDNA (ATCC) ^'^ using standard techniques.^^ 
Phage preparation and phage DNA purification 

To prepare phage DNA, phage purification preps are used (Promega). Those 
kits reduce the time of phage DNA purification from one day to one hour, are 
10 reasonable in cost, and eliminate the toxic phenol/chloroform extractions of the 
traditional method. 
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Bovine Fibroblast production, maintenance and electroporation 
Bovine fibroblast cells (BEF) were produced from a 55-day-old Holstein male 
fetus according to standard fetal fibroblast preparation methods.^^ A large number of 
cells from this single fetus were prepared and have been successfully used in the past 
5 to create cloned transgenic cattle. Fibroblasts are maintained in polystyrene tissue 
culture plates at ST'^C, 5% CO2. Cells are passed 1:10 when they reach 80% 
confluency. These primary cells have a 28-30 hour cell cycle and undergo 
approximately thirty population doublings before senescence. 

Actively growing cells (80% confluency) are used for electroporation. The 

10 cells are harvested by trypsinization, and resuspended at a density of 5 x 10^ cells/500 
|j,l of ice cold PBS, A 500 |il aliquot of cells is placed into an electroeluation cuvette 
to which 20 \xg of DNA in sterile water is added. The cells and DNA are gently 
mixed by tapping and incubated on ice for 10 minutes. Following the ten minute 
incubation the cells are again gently resuspended and then electroporated with the 

15 parameters given in Table 1. Optimal parameters will be determined from these 
experiments. Following the pulse the cuvettes are again incubated on ice for an 
additional ten minutes. Under sterile conditions, we remove the cells from the 
cuvette, resuspended in 10 ml of the above media, and plated onto 10, 100 mm^ 
polystyrene tissue culture dishes in a total of 10 ml of media. The cells are incubated 

20 overnight at 37°C, 5% CO2. 

Bovine Cells and DNA 

The bovine PRNP DNA used to make the targeting construct should be 
derived from the same cells which will be transfected. In murine genomic targeting 

25 experiments, replacement vectors made with isogenic DNA (genes cloned from the 
same species/strain as the cells which will be targeted) increases the effective 
targeting rate by 2.5-fold.^^ Unlike mice, there are no inbred strains of cattle, and 
thus, the PrP gene must be cloned from the exact fetal cells that will be used in the 
targeting experiments to increase the frequency of recombination. Thus, a genomic 

30 library was constructed using BEF genomic DNA. The X FIX II library was chosen 
because it accepts large fragments of DNA (9-23 kb) and has multiple flanking 
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restriction enzyme sites for sub-cloning and manipulation of the cloned DNA 
j&agments. 

Identification of the bovine PrP gene 

One million plaque forming units (pfu) are plated with the host bacteria strain 
5 XL-1 blue (Stratagene) and allowed to grow for 12-16, or until lysed plaques appear. 
Phage particles are transferred to nitrocellulose filters, hybridized with a 2,5 kb EcoRI 
fragment containing the full length human PrP cDNA (ATCC, cat # 65946^^) using 
standard molecular biology techniques.^^ The human PrP cDNA shares an 
approximately 80% homology with the bovine gene (Blast search comparison using 

1 0 Accession number ABOO 1 468, bovine PrP cDNA) . 

Positive plaques from the first round of cloning are picked, re-plated and re- 
hybridized to the human prion probe. Positive plaques from the third round of cloning 
are amplified in liquid media, and purified as described in the methods sections. 
Phage DNA will be purified as described in the methods section of this proposal. 

15 Structural characterization of the bovine prion gene 

A non-isogenic bovine PrP gene (meaning, not derived from BEF cells) has 
aheady been cloned from Bos taurus and the putative map is available through Gen 
Bank (Accession #s D26150, D26151).'^^ Most of the mapping of the isogenic bovine 
PrP gene can be done with simple restriction enzyme digests of a phage(s) and 

20 hybridization of these digests with the different exons of the human PrP cDNA. As 
explained above, mapping the intron/exon structure of the bovine PrP gene from the 
cells to be targeted is necessary in order to achieve optimal recombination frequency 
using the targeting vector. It is recommended that the targeting vector disrupt 
expression of or delete exon 3 which contains all of the protein coding region of the 

25 gene. Thus, it is necessary to map the exact location and restriction endonuclease map 
of exon 3 within the isogenic bovine PrP gene. 

Figure 1 shows the putative map of the bovine PrP gene based on Accession 
numbers D26150 and D26151.'^° The prion gene in other animals, and humans is 
composed of three exons with the third exon containing the entire coding region of the 

30 PrP protein. Various combinations of probes from exons 1-3 and restriction digests 
maybe used to map the size of the introns and exons of the isogenic bovine PrP gene. 
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Restriction endonuclease digestion and mapping will reveal convenient areas 
for sub-cloning the PrP gene into plasmid vectors. These stretches of DNA will be 
purified, and ligated into the pBluescript plasmid (Stratagene). These plasmids can be 
used for sequence analysis of exons and for more fine mapping of individual areas of 
5 the PrP gene. 

Sequence analysis of the isogenic bovine PrP gene 

Once the positions of the three exons are mapped, short stretches of these areas 
may be sequenced to confirm their identity. The sequence data allows one to define 
the area of the gene and to recognize any differences between phage clones isolated 

10 fi*om the genomic library which might signal allelic differences. 

To sequence the prion gene, sub-cloned fragments of the PrP gene containing 
exons 1-3 are sequenced using ABI's fluorescent dRhodamine sequencing kit and 
either universal primers to the plasmid vector, or designed primers to internal regions. 
Sequence results are used to confirm the positional mapping of the exon/intron 

1 5 structure of the bovine PrP gene before beginning the targeting vector. It was for us of 
utmost importance for this targeting construct that the exact deletion be known, and 
confirmed for two reasons. First, the cattle of the present invention were to be the 
first cattle containing a targeted deletion of any gene. We wanted to be able to 
confirm the exact location of the deletion within the genome, and be able to exactly 

20 map the deletion in any offspring fi*om these cattle. Second, because of the nature of 
the gene we are deleting, it is necessary to be confident that the sequences being 
deleted contain the coding region for the prion protein, and that all protein coding 
regions are eliminated in the resultant cattle produced by this technique. 
Construction of the targeting vector 

25 The positive-negative type targeting vector 

The most frequently used selectable marker gene is the neomycin resistance 
gene, or ''neo". This gene will confer resistance to G418 to the cells that carry a 
targeting construct. The thymidine kinase gene will be used to allow for negative 
selection in the presence of gancyclovir. This will allow us to select against cells with 

30 non-homologous insertion of the targeting vector. In murine embryonic stem cells, 
double selection in the presence of G418 and gancyclovir results in a 200-fold 
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enrichment of homologous recombinants over G418 selection alone' It has been 
reported that double selection in human diploid fibroblasts results in only a 2-3 fold 
enrichment in homologous recombinants.'*^ For reasons that will be discussed below, 
we feel that even this modest increase is useful to the ultimate success of the targeting 
5 experiments. 

The final design of the targeting vector depends on the restriction analysis. 
Since the PrP protein coding region itself is entirely contained in exon 3, the targeting 
vector should be constructed so as to delete or disrupt all of the protein coding region 
of this gene. Elimination of protein coding regions in mice successfully eliminated 

1 0 prion infection and transmission.'^^' ^^'^^ A diagram of a typical targeting vector 
according to the invention along with the resultant PrP gene structure following 
targeting vector insertion is shown in Figure 2. 

Capecchi has shown that for efficient targeting in embryonic stem cells, the 
vector must have flanking homologous DNA sequences of at least 1 kb in length. A 

15 two fold increase in homologous sequences resulted in a 20-fold increase in targeting 
fi"equency of the hprt locus."^^ Therefore, at least 1 kb of homologous sequence on 
either side of the targeted deletion is recommended, most likely fi-om non-coding 
regions of the PrP gene on either side of the neomycin gene. 

The neo gene of the present invention was derived from the pPNT plasmid 

20 (generous gift from Dr. Heiner Westphal)"^^ and is driven by the PGK promoter. The 
TK gene is fi-om the HSV-TK plasmid.^^ Both the PGK-neo gene and HSV-TK gene 
have been sub-cloned into pBluescript-SK (Stratagene) to create additional cloning 
sites (Good, unpublished). The plasmid backbone for the entire targeting construct is 
the pBluescript-SK vector (Stratagene). The constraints of restriction enzyme sites 

25 and fragment sizes within the PRNP gene determine the ultimate flank size, deletion 
size and regions of the PRNP gene used. Our experience suggests that it is often 
beneficial to create two different targeting vectors to two different regions of a gene. 
The promoter- less neo gene targeting vector 

A successful targeting experiment using normal non-rodent diploid cells was 
30 reported three years ago in the lab of Dr. John Sedivy.^^ This targeting experiment 
employed a promoter-less neo targeting vector, which was constructed in such a way 
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as to be driven by the promoter of the endogenous targeted gene, when properly 
inserted. This technique apparently resulted in a 100-200 fold enrichment in 
homologous recombinants. 

One concern with using this method was that high PrP endogenous PrP 
5 expression would be necessary to achieve sufficient neomycin expression. PrP is 
expressed in murine embryonic fibroblast cells.'*^ Northern analysis on RNA isolated 
from BEF cells demonstrates that PrP mRNA is present in these cells as well (Figure 
3). This level is approximately 50% lower than the hypothalamic cell line GTl-7, but 
appears to be sufficient to support a promoter-less construct, 
10 Diagrams of several promoter-less neo constructs are shown in Figures 2 A and 

2B. The final design of the targeting vector depends on the restriction analysis of the 
kQ bovine PrP gene. A new neomycin cassette plasmid, containing the promoter-less 

rT neomycin gene was created using PCR-amplification of pGEM-neo-poly A plasmid. 

J L: A primer recognizing the 5' end of the neomycin gene was designed (Tk-Bam: 5'- 

f 1 5 GCC AAT ATG GGA TCG GCC ATT GAA C-S') to be used along with the T7 

promoter vector primer in a standard PGR amplification procedure. The 1 A kb 
75 fragment was subcloned into the PCR-Topo II vector. To assure that the neomycin 

jf cassette will be placed in frame in the PrP protein, including the ATG codon, a 

□ promoter-less neomycin resistance gene is sub-cloned from the pNEO vector 

20 (Pharmacia Biotech), leaving a splice site 5' to the neo gene, within the third exon of 
PRNP. Flanking DNA sequences of at least one kilobase is inserted on either side of 
the neo cassette, and a TK gene for negative selection in the presence of gancyclovir is 
inserted at the 3' end of the construct. 

Using a promoter-less neo construct is advantageous to the goal of creating a 
25 targeted deletion within the PRNP gene in that only correct integration of this 
construct into the PRNP gene results in synthesis of the neo resistance gene, and 
resistance of G41 8. In addition, the TK gene will be lost in correctly targeted vectors, 
resulting in resistance to gancyclovir. The majority of G418 resistance/TK resistant 
colonies in a targeting experiment, using a traditional positive-negative targeting 
30 vector, result from random insertion in the genome. The promoter-less type of 
construct allows only those random integrations near an active promoter to be 
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resistant to G418. Therefore, because there will be fewer total G418 colonies present, 
a promoter-less targeting vector allows one to screen every G418 positive colony in an 
experiment, rather than 200 randomly selected colonies, as is done in ES cell 
targeting. In human diploid fibroblasts, for instance, this strategy resulted in 20 G418 
5 resistant colonies, and four homologous recombinants — a targeting frequency of 
20%.^^ 

Optimization of targeting efficiency in BEF cells 

Determining the optimal electroporation conditions for BEF cells 

10 Several reports have indicated that, with the exception of embryonic stem 

cells, homologous recombination in most normal mammalian cells is low."^^' 
Although BEF cells have been electroporated and transgenic cattle created in our 
laboratory,"^ it is necessary to optimize the transfection efficiency in order to obtain the 
rare homologous recombinant containing a disruption or deletion of the prion gene, 

15 To affect optimization of transfection, BEF cells are grown to sub-confluency, 

trypsinized and re-suspended in 0.5 ml of Ca^^/Mg^^ free PBS along with 20 p.g of 
linearized pPNT vector or without DNA. This plasmid contains a mutated neomycin 
resistance gene under the control of the phospho glycerol kinase promoter (PGK).'^^ 
The BEF cells are electroporated using the conditions listed in Table 1, and then 

20 plated as described in the methods at a density of 5 x 10^ cells per 100 mm^ tissue 
culture plate. The values listed are those pre-set on an Invitrogen electroporation 
apparatus. 

Table 2 . Optimization of electroporation conditions for BEF cells. 









none 


ov 


O^iF 


none 


330 V 


1000 M-F 


none 


330 V 


500 |xF 


none 


600 V 


250 nF 


none 


1500 V 


71 iiF 
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none 


1800 V 


50 mP 


nPNT 


OV 


OuF 


t)PNT 


330 V 


1000 nF 


nPNT 


330 V 


500 uF 


oPNT 


600 V 


250 p.r 


dPNT 


1500 V 


71 nF 


dPNT 


1800 V 


50 mF 



The experiment should be done twice, with six plates of electroporated cells 
for each point. All six plates are grown overnight in drug-free media, at 37° C and 5% 
CO2. In the morning, three plates are trypsinzied, and counted to determine cell 

5 survival. Hie media in the remaining three plates is changed into G418-containing 
media (400 ng/ml). The media in these plates is changed each morning to keep the 
level drugs constant. After five to ten days, when visible colonies are present on the 
plates, the plates are stained with methylene blue and the number of colonies on each 
plate counted. The average of the three plates is used to determine transfection 

10 efficiency for each electroporation condition. Each electroporation condition is tried 

in two separate experiments. 

These experiments are designed to determine the maximum DNA transfection 
parameters for BEF cells with the maximum cell survival. These values should be 
optimized before begimiing homologous recombination experiments to increase the 
15 efficiency of finding these rare events in the population of transfected cells. A 

reasonable goal is to increase the transfection efficiency to achieve at least 1000-1500 
G418 resistant colonies with each transfection (1000-1500 G418 resistant clones/3 x 
10^ transfected cells = 1 transfected cell in every 3000 cells). We estimated that even 
with a relatively low homologous targeting frequency of one homologous recombinant 
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in every 1000 resistant cells, that we should find 2-4 homologous recombinants in a 
transfected population of 1 x 10^ cells: 

1x10^ transfected cells = 3333 G418 resistant cells =3.3 homologous 
5 recombinants 

1 resistant cell in 3000 1 homologous recombinant per electroporation 

in 1000 resistant cells 

This number (3.3 homologous recombinants per electroporation) is equivalent to a 
10 targeting frequency of one in three miUion transfected cells, and is thirty- fold lower 
than the frequency in human diploid fibroblasts,^^ Thus, even if the frequency of 
homologous recombination is lower in BEF cells than in normal human fibroblasts, 
these conditions allow us to recover at least one to two targeted cells in each 
experiment. 

15 Once the optimal parameters are determined using the pPNT vector, these 

parameters should be used to optimize the targeting frequency of the targeting vector. 
Since the targeting vector may be larger than the test plasmid, this may effect the 
transfection efficiency. 

Determining effective drug concentrations in BEF cells 

20 Before starting the actual targetnig experiment, it is imperative to determine 

the highest concentration of neomycin (G418) and gancyclovir that is necessary for 
complete killing of non-transfected cells, but that will not be toxic to correctly 
targeted cells. Previous work in our laboratory has determined that 400 |a,g/ml 
neomycin will sufficiently kill non-neomycin containing BEF cells, but will allow the 

25 rapid proliferation of BEF cells containing a transfected neomycin gene."^ Because the 
positive-negative selection targeting that we are proposing requires that we select for 
several days in the presence of both gancyclovir and G418, we set up a selection curve 
to test the range of gancyclovir in combination with G41 8 that can be used in these 
experiments. 

30 In addition, work from others has shown that with human and rat diploid 

fibroblasts, efficient selection is only achieved when the amount of G418 added to the 
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culture is in the range of 1-10 mg/ml. ' This is up to 10 fold higher than is 
normally used on BEF cells. Thus, one should first determine if higher levels of drug 
can be used in these cells to increase the frequency of homologous recombinants. 

To answer this question, untransfected BEF cells are plated at a density 5x10^ 
5 cells in 10 ml of media, and incubated overnight. The following morning, the media 
is changed to media containing the drugs and concentrations listed in Table 2, Two 
plates of cells are used for each concentration of drug. G418 selection is continued 
for up to 10 days, or until there is complete killing of non-transfected cells on each 
plate. Gancyclovir selection continues for 4 days and the percent survival is 
10 calculated. 

Table 3. G418 and gancyclovir treatment of untransfected BEF cells. 











None 


300 ^g/ml 


None 


Normal cell killing 
byG418 


None 


1000 |ig/ml 


None 


fl 


None 


3000 |j,g/ml 


None 




None 


None 


1 |iM 


Normal cell 
survival in 
gancyclovir 


None 


None 


3 ^iM 


11 


None 


None 


10|xM 


If 



The TK gene converts gancyclovir into a toxic nucleotide analogue. Normal 
cells, and cells containing a correctly targeted PrP gene lack should be resistant to this 

15 drug. Since to our knowledge, this drug has not been used on BEF cells, these assays 
allow us to determine the highest level of gancyclovir to which the cells may be 
subjected without substantial toxicity in the absence of the TK gene. Optimization of 
both the neomycin sensitivity and gancyclovir resistance of BEF cells should increase 
the targeting frequency and allow one to fmd rare homologous recombinants in the 

20 pool of transfectants. 
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Selection of transfected BEF cells 

Cells are electroporated using the optimal conditions determined above, with 
the pPNT vector which contains both a neomycin resistance gene as well as thymidine 
kinase gene^^. Following the electroporation, the cells are plated at a density of 5 x 
5 10^ cells in 10 ml of media and incubated overnight. The following morning, the 
media is changed to media containing the drugs and concentrations listed in Table 3. 
Two plates of cells are used for each concentration of drug, 

Gancyclovir selection alone or in combination with G418 will continue for 
four days with the culture medium changed once every twenty-four hours to assure 

10 high drug concentration in the media at all times. After four days, the media is 

changed to G418 alone, or no drug according to the chart, and selection is continued 
for an additional six days, or until individual colonies are visible. At that time, the 
media is removed from the plates, the plates rinsed once in PBS, and cell colonies 
stained with methylene blue. The number of colonies on each plate is counted and 

15 cell death/growth curves for each drug are determined. 

The concentrations of neomycin chosen for the two growth/death curves in 
Table 2 and 3 are based on the lowest concentration of neomycin known to be 
effective in killing non-transfected BEF cells, and two logs higher, which is the mid- 
range of G418 used on normal himian fibroblast cells."^^ Gancyclovir has never been 

20 used on BEF cells. Thus, the concentrations of gancyclovir chosen were based on the 
one half of the concentration effective for murine embryonic stem cells in targeting 
experiments (1 |iM) and two logs-fold increase in drug. 

From work in normal rat diploid cells , the level of G41 8 can be increased to 
20 mg/ml with only 80% killing of cells transfected with a normal neo gene.'*^ Thus, 

25 we expected to be able to increase the G41 8 concentration in BEF cells from 300 
(ig/ml, which is the highest amount used now, to at least 1 mg/ml using the pPNT 
neomycin construct. As demonstrated in rat diploid fibroblasts, cells containing the 
mutant neomycin gene (such as found in the pPNT vector"^*^) are more efficiently 
targeted."*^ Thus, a combination of high G418 with the mutant neomycin gene is 

30 optimal for efficient recovery of homologously recombined BEF cells. 
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Table 4. G41 8 and gancyclovir treatment of BEF cells transfected with pPNT. 











pPNT 


300 ng/ml 


None 


Transfected cell growth 
inG418 


pPNT 


1000 |xg/ml 


None 


11 


pPNT 


3000 jxg/ml 


None 


It 


pPNT 


None 


1 ^iM 


Transfected cell killing 
in gancyclovir 


pPNT 


None 


3 nM 


II 


pPNT 


None 


lOjxM 


tr 


pPNT 


300 |j,g/ml 


1 iiM 


Combination experiment 


pPNT 


1000 ^lg/ml 


IpM 


II 


pPNT 


3000 \Lg/m\ 


1 |iM 


ff 


pPNT 


300 M-g/ml 


3 m 


1! 


pPNT 


1000 |ag/ml 


3 nM 


n 


pPNT 


3000 p,g/ml 


3 |xM 


II 


pPNT 


300 |ig/ml 


10 ^iM 


11 


pPNT 


lOOOng/ml 


10 (xM 


11 


pPNT 


3000 ng/ml 


lOtiM 


11 



Southern analysis of BEF genomic DNA for normal and disrupted PRNP gene 

Five micrograms of normal or transfected BEF genomic DNA is digested with 
5 the selected restriction enzyme using the associated restriction enzyme buffer for 8-24 
hours. The digested DNA is separated on a 1% agarose gel in standard 
electrophoresis buffer and transferred to a sohd support membrane (nitrocellulose or 
nylon) using standard methods (Sambrook et al., 1989). The DNA on the membrane 
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is hybridized to probes from the insertedtransgenes and selectable markers. Southern 
analysis of the normal BEF PRNP gene is shown in Figure 4. Southern analysis of 
targeted BEF or other ungulate PRNP genes would reveal changes in the structure of 
the endogenous PRNP gene, including smaller or larger hybridizing PRNP fragments, 
5 and presence of exogenous transgenes and selectable markers. 

Examples 

Bovine Fibroblast Production and Maintenance 

ACT produced bovine fetal fibroblast cells (BFF) from a 55-day-old Holstein 

1 0 male fetus according to standard fetal fibroblast preparation. A large number of cells 
were prepared from this single fetus and were used to create cloned transgenic cattle. 
Fibroblasts are maintained in polystyrene tissue culture plates at 37° C with 5% C02 
Cells are passed 1:10 when they reach 80% confluence. These primary cells have a 
28-30 hour cell cycle and undergo approximately 30 population doublings before 

1 5 senescence. 

Cloning of the Bovine PrP Gene 

The initial plan was to obtain the prion gene in a large genomic sequence and 
incorporate a selectable marker in order to interrupt protein production. High 

20 molecular weight genomic DNA was extracted from bovine fetal fibroblasts. A 

Lambda FIX 1 1 Genomic Library (Stratagene) was prepared by randomly inserting 
restriction fragments of this genomic DNA into a phage vector and packaging it into 
viral particles. Free amplified product (8x10 9 plaque-forming units per ml) was 
used to infect E, coH and plated for isolated plaques. Blotted plaques were probed 

25 with a radio-labeled 2,4 kb Eco RI DNA fragment from plasmid pMPRP3 (ATCC) 
containing a DNA sequence for mouse prion. Sufficient numbers of plaques were 
screened in order to cover the entire genome. Phage plaques containing putative 
bovine PrP gene sequences were enriched, re-plated and reprobed to purify and 
confirm their sequence match to the mouse PrP gene. In three independent attempts at 

30 screening plaques, several initial signals were obtained and tested. None contained 
sequences of PrP which could be used to construct a targeting vector. 

In order to obtain the genes required to build the targeting construct, PCR 
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amplification was utilized. Primers were prepared based on sequences from GenBank 
AB001468 and D26150. About 2 Kb of sequence on either side of the insertion or 
deletion point (referred to as arms) was PGR amplified. The 5' upstream arm of the 
sequence containing parts of intron I and exon 2 was amphfied using the Expand PGR 
System (Boehringer Mannheim) by sense primer "A" (GCAGAGCT 
GAGCGTGTTC) and antisense primer "B" (CAGC'fCAAGTTGGATTTGTGTC). 
The PGR product was a 2.4 Kb DNA fragment (Figure 5) which was cloned using a 
TOPO XL PGR kit (Invitrogen) and sequenced at the DNA Sequencing Facility, 
University of Massachusetts. 

Liitial work with primer G and D did not yield the desired product. An 
additional set of primers was needed to amplify the exon 3 sequence directly from the 
bovine genomic DNA. The sense primer PrP Is (GGGGAAGG-rTGGTGTTTT 
GATTATG) and antisense primer PrP la (CGATAGAGTGGAGAAA- 
fACATTTTGGC) were used to clone a 2.129 Kb PGR product (Figure 6.). 

Targeting Vector Construction 

Cloned sequences were assembled to build the targeting vector. Gonstruction began 
with clone #3 of PrP 3, the plasmid that contained the coding sequence exon 3, the 3' 
arm, in vector pGR-XL TOPO (Livitrogen). The cloned 5' arm of the construct was 
transferred on a Sst I fragment up stream of the 3' arm. The neo-selection (neomycin 
G418 resistance) cassette was modified by PGR to add a Bam HI site at the 5' end for 
easier subcloning using primers TK-Bam (GGCAATATGGGATGGGGCATTGAAG) 
and the T7 sequencing primer (TAATAGGAGTGATATAGGG). This PGR product, 
PGK-neo, was inserted between the 3' and 5' arms of the on a Bam HI fragment. The 
final construct was linearized by Mlu I and Not I digestion, and fragments purified for 
transfection. When recombined with the genomic DNA this construct was intended to 
interrupt the sequence deleting part of exon 2, resulting in no gene product from the 
coding sequence in exon 3 (Figure 5). However it failed, hi retrospect there were 
several fimdamental problems with this vector, ( I ) it was not promoterless neo; (2) 
this vector has very short left-right genomic arms contained only 2.3 kb infron 1, neo 
with its own promoter and 2.2 kb exon 3; (3) the 14 kb intron 2 genomic DNA was 
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completely excluded jfrom this vector, resulting in actually 1.5 Kb deletion. 

Three constructs were used in these studies: EGFP-Nl (Clontech), pPNT and 
the pPRP vector that was prepared as described above. Preliminary electroporation 
experiments to determine the effectiveness of transfection of bovine fetal fibroblasts 
5 were done with the EGFP-NI vector (Clontech) containing a green fluorescent protein 
and a neomycin resistant gene. The EGFP plasmid had been successfully transfected 
into BFF cells in previous experiments in our lab. Use of this vector enabled easy 
detection of transfected cells by examination xmder fluorescent microscopy. 
Transfected BFF cells and resistant colonies fluoresced green under ultraviolet light. 

10 The use of this EGFP vector in the testing of electroporation conditions for BFF cells 
is indicated in Table I. Electroporation parameters were modified for the second 
transfection with EGFP and the subsequent transfection with pPNT vector. Successful 
transfection with BFF cells had been done routinely at 400 volts and 250 uF 
capacitance 'in our lab. In a similar experiment done by K.D. Wells et aL (abstract at 

15 LETS meeting 1998), BFF cells were transfected at 0, 200, 300, 400 or 500 volts with 
a capacitance of 500 uF to induce DNA uptake. Maximum transfection was obtained 
at 400 and 500 volts. Electroporation parameters were focused between 450 and 650 
volts, with 400 volts being considered the baseline voltage. Higher voltages were 
tested, by increasing voltage in increments of 50 volts. 

20 Drug selection was tested by growing transfected and imtransfected bovine 

fetal fibroblasts under various concentrations of geneticin (G418)--400 to 3000 ug/ml) 
In our study, 400 ug/ml G418 for a period often days was the optimal drug selection 
for bovine fetal fibroblasts, producing stable, neomycin-resistant colonies. 

25 Electroporation 

Bovine fetal fibroblasts were grown to 80% confluence in DMEM-high 
glucose media (Gibco/BRL) with 15% FBS (Hyclone). The cells were harvested with 
IX Trypsin/ EDTA (Gibco/BRL) and then centrifuged at 1200 rpm for 7 minutes at 
room temperature to form pellets. Cells were washed and resuspended in Ca+2/Mg+2 
30 fi:ee Dulbecco's PBS at a density of 5 x 106 cells/ 0.5 ml. For each electroporation 

experiment, a 500 pi ahquot of resuspended cells and 20 Erg of linearized DNA in 25 
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ul sterile water is transferred to an electroporation cuvette (Biorad) with a 0.4 cm gap 
width. The cells and DNA are mixed by gently tapping the cuvette and then incubated 
on ice for ten minutes. After incubation, the cells and DNA are again mixed gently 
and then electroporated in an hivitrogen n Electroporator with the parameters in Table 
5 5 below: 

Table 5. Optimization of electroporation conditions for BFF cells 









None 


0 V 


OuF 


None 


100 V 


500 uF 


None 


300 V 


500 I& 


None 


300 V 


250 uF 


None 


450 V 


250 pF 


None 


600 V 


250 uF 


None 


600 V 


71 uF 


None 


800 V 


71 uF 


EGFP 


Ov 


OuF 


EGFP 


100 V 


500 uF 


EGFP 


300 V 


500 uF 


EGFP 


300 V 


250 uF 


EGFP 


450 V 


250 uF 


EGFP 


600 V 


250 uF 


EGFP 


600 V 


71 uF 


EGFP 


800 V 


71 uF 



The cuvettes are placed back on ice for an additional 10 minutes following 
electroporation. Prior to plating the electroporated cells, 100 ul of Ca 2/Mg+2 free 

10 DPBS is added to each cuvette and the cells are gently mixed. Under sterile 

conditions, 10 ml of DMEM-high glucose with 15% FBS is added to each of six 20 x 
100 mm 2 polystyrene tissue culture dishes. A 100 ul ahquot of electroporated cells is 
removed from the cuvette and plated onto each of six tissue culture dishes. All six 
plates of cells are grown overnight in drug-free media at 37°C with 5% C02 

1 5 atmosphere. The next morning three plates of transfected cells were harvested by 
trypsinization and cell coimts were done to determine cell survival. Drug selection 
was begun on the remaining three plates by changing the media and adding 400ug/ml 
geneticin (G418) to each plate. The cells were then grown at 37°C, 5% C02 under 
G41 8 selection for 10 days. The media in these plates was changed daily to maintain a 

20 constant level of G418 for drug selection. After 10 days of G418 selection, visible 
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colonies were present and the number of colonies on each plate was counted. The 
average colony count from the three plates was used to determine transfection 
efficiency for each electroporation condition. Each electroporation condition was 
tested in two separate experiments. 

Prior to transfection of bovine fetal fibroblasts with the pPNT vector, 
preliminary electroporation experiments were done with the EGFP-N 1 vector 
(Clontech) containing a green fluorescent protein and a neomycin resistant gene. The 
EGFP plasmid had been successfully transfected into BFF cells in previous 
experiments in our lab. Use of this vector enabled easy detection of transfected cells 
by examination under fluorescent microscopy. Transfected BFF cells and resistant 
colonies fluoresced green under ultraviolet ligllt. The use of this EGFP vector in the 
testing of electroporation conditions for BFF cells is indicated in Table 1. 
Electroporation parameters were modified for the second transfection with EGFP and 
the subsequent transfection with pPNT vector. Successful transfection with BFF cells 
had been done routinely at 400 vohs and 250 uF capacitance in our lab. hi a similar 
experiment done by K.D. Wells et ah, BFF cells were transfected at 0, 200, 300, 400 
or 500 volts with a capacitance of 500 uF to induce DNA uptake. Maximum 
transfection was obtained at 400 and 500 volts. 

Electroporation parameters were focused between 450 and 650 voUs, with 400 
volts being considered the baseline voltage. Higher voltages were tested, by increasing 
voltage in increments of 50 volts. 

Table 6. Electroporation parameters for BFF cells with EGFP and pPNT. 









EGFP 


Ov 


OuF 


EGFP 


450 V 


250 uF 


EGFP 


550 V 


250 uF 


EGFP 


600 V 


250 uF 


EGFP 


650 V 


250 uF 


PPNT 


450 V 


250 uF 


PPNT 


550 V 


250 uF 


PPNT 


600 V 


250 uF 


PPNT 


650 V 


250 uF 



A second group of transfections of BFF cells with pPNT was done using the 
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electroporation parameters described in Table 6. These same electroporation 
conditions were used for the transfection of the pPRP target vector. 
Test selection of untransfected BFF cells. 

Untransfected bovine fetal fibroblasts were plated at a density of 5 x 10^ cells 
in 10 ml of DMEM-high glucose media with 15% FBS onto 20 x 100 mm 2 
polystyrene tissue culture dishes. The cells were grown overnight at 3TC with 5% 
CO,. The media was changed and drug selection with geneticin (G418) was begun the 
next moming 

Table 7 contains the drug concentrations that were tested. G418 selection was 
done for 10 days, by which time there was complete killing of the untransfected cells. 
Two plates of BFF were used for each drug concentration and cell counts were done 
on these plates of cells at 0, 3, 7 and 10 days. Previous work in our laboratory had 
determined that 400 ug/ml) neomycin was sufficient to kill non-neomycin containing 
BFF cells, but would allow the rapid prohferation of BFF cells containing a 
transfected neomycin gene. Thus, for this experiment drug selection was begun at 400 
ug/ml) geneticin (G418) and increased drug concentrations of 600, 800 and 1000 ug 
were tested. 

Table 7. Geneticin (G418) treatment of untransfected BFF cells 







f-y. 


None 


Oug 


Control 


None 


400 ug 


Normal cell killing by 
6418 


None 


1000 ug 




None 


3000 ug 





A second mortality curve was done with untransfected bovine fetal fibroblasts 
with drug selection begun at 400 ug/ml) G418 and increased to concentrations of 600, 
800 and 1000 ug for testing. Table 8 contains the drug concentrations that were tested. 
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Table 8. Geneticin (G418) treatment of untransfected BFF cells 









None 


400 ug 


Normal cell killing by 
6418 


None 


600 ug 


ir 


None 


800 ug 


!f 


None 


1000 pig 


If 



Test selection o f Trans fected BFF cells 

BFF cells were transfected with pPNT vector containing both a neomycin 
5 resistant gene as well as a thymidine kinase gene. The cells were electroporated at 450 
volts and a capacitance of 250 uF to induce DNA uptake. Following electroporation, 
cells cloned transgenic calves produced from non-quiescent fetal fibroblasts were 
plated at a density of 5 x 106 cells in 10 ml media/ 100 nrni 2 plate and incubated 
ovemight at 3TC with 5% C02 atmosphere. The media was changed and drug 

1 0 selection with G41 8 was begun the next morning. The drug concentrations we tested 
are listed in Table 8. Geneticin selection was continued for 12 days by which time 
resistant colonies were visible. Two plates of BFF were used for each drug 
concentration and cell counts were done on these plates of cells at 0, 4, 7 and 12 days. 
As previously noted^ drug selection was begun at 400pg/ml G418 and increased 

15 geneticin concentrations were tested. The concentrations of neomycin chosen for the 
two growth/kill curves in Tables 7 and 9 are based on the lowest concentration of 
neomycin known to be effective in killing non-transfected BEF cells, and two logs 
higher, which is the mid-range of G418 used on normal human fibroblast cells). 

20 Table 9, Geneticin (G418) treatment of BFF cells transfected with pPNT 









PPNT 


Oug 


Transfected cell 

growth 

inG418 


PPNT 


400 ug 


It 


PPNT 


1000 ug 


f» 


PPNT 


3000 ug 





-34- 



I p||^iiiipiiiHiniiniiiii|i]ri|ii II 



Results of electroporations 

No spontaneously resistant colonies occurred in the electroporation of 
untransfected bovine fetal fibroblasts in which no DNA was present. Cell survival 
decreased sigmoidally with the increasing voltages tested. Cells were electroporated at 
0, 100, 300, 450, 600 and 800 volts with capacitance ranging from 0 uF to 500 uF At 
100 volts, there was 89% cell survival and at 800 volts, cell survival had decreased 
dramatically to 1.2%. Table 6 indicates the total and average cell counts for three 
plates following 10 days of drug selection with 400 ug/ml) geneticin (G418). 
Transfection efficiency could not be calculated for this experiment in the absence of 
resistant colonies. 



Table 10. Electroporation of untransfected BFF cells 
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Ov 


OuF 


1.84x 10 


6.10X 10 


100.0 


0 


100 V 


500 uF 


1.63 X 10 


5.43 X 10 


89.0 


0 


300 V 


500 uF 


0.58 X 10 


1.92 X 10 


31.5 


0 


300 V 


250 uF 


1.03 X 10 


3.43 X 10 


56.2 


0 


450 V 


250 uF 


0.26 X 10 


0.87 X 10 


14.2 


0 


600 V 


250 uF 


0.10x10 


0.34 X 10 


5.7 


0 


600 V 


71 uF 


0.1 1 X 10 


0.35 X 10 


5.8 


0 


800 V 


71 uF 


0.01 X 10 


0.07 X 10 


1.2 


0 



Electroporation of transfected BFF cells was done as a series of experiments 
using several DNA constructs EGFP-N I (Clontech), pPNT and pPRP. The EGFP 
construct was used in the first electroporation experiment as it had been successsfuUy 
transfected into BFF cells previously in our lab. This construct contains a neomycin 
resistant gene and a green fluorescent protein, enabhng easy detection of transfected 
BFF cells under fluorescent microscopy. Transfected BFF cells were fluorescent green 
under ultraviolet Ught. Cells were transfected at 0, 100, 300, 450, 600 and 800 volts 
with a capacitance range of 0 to 500 uF As seen previously in the untransfected BFF 
cells, cell survival decreased with increasing electroporation voltages. Total cell and 
average cell counts for three plates following 10 days of drug selection are shown in 
Table 11. 
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Table 11- Electroporation of BFF cells transfected with EGFP 















Ov 


OuF 


1.64 X 10° 


5.46 X 10 


100 


0 


100 V 


500 uF 


1.64 X 10 


5.46 X 10 


100 


0 


300 V 


500 uF 


0.74 X 10° 


2.45 X 
105 


44.9 


1 


300 V 


250 uF 


0.59 X 10 


1.97x10 


36.1 


4 


450 V 


250 uF 


1.04 X 10 


3.46 X 10 


63.4 


2 


600 V 


250 uF 


0.15 X 10 


0.49 X 10 


8.9 


14 


600 V 


71 uF 


0.70 X 106 


2.33 X 10 


42.7 


1 


800 V I 


71 uF 


0.41 X 10 


1.36 X 10 


24.9 


8 



Maximum transfection occurred at 600 volts, 250 uF with an average of 14 
individual resistant colonies present on each plate. Cell survival was only 8.9% at this 
5 voltage, yet these cells yielded the highest number of colonies per plate. Similar 
results were reported in an electroporation experiment. As described by others, with 
increasmg voltages, cell survival decreased in a sigmoidal fashion and conversely, the 
number of surviving cells that were transfected increased sigmoidally with increased 
voltage[40]. Duphcate transfections were done simultaneously in the next 
1 0 electroporation experiment. The EGFP and the pPNT constructs were transfected into 
BFF cells. A more focused range of electroporation conditions were used for these 
transfections based on the maximum transfection (600 voUs) obtained in our previous 
experiment. Successful transfections were routinely done at 400 volts and K.D. Wells 
et al. obtained maximum transfection at 400 and 500 volts in BFF cells [40]. 
1 5 Therefore, cells were transfected at 0, 450, 550, 600 and 650 volts to achieve optimal 
transfection efficiencies. Maximum transfection occurred at 600 volts, 250 uF in the 
BFF transfected with EGFP construct; an average of 15 resistant colonies per plate. 
Similar results were obtained in the pPNT transfection, the highest yield of resistant 
colonies (20/plate) occurred at 600 volts and 250 uF capacitance. As previously noted, 
20 cell survival decreased and transfection efficiency increased with increased 
electroporation voltages. 

The voltage range of 450 to 650 volts with 250 VF capacitance was used for 
the subsequent electroporation experiments. Once again two separate transfections 
were done simultaneously, a second transfection of BFF cells with pPNT and the first 

-36- 



iiiniiiiiiiFin"! " 



attempt with the target construct pPRP. Maximum transfection was obtained at 600 
volts and 250 uF capacitance for the pPNT vector. An average of 28 resistant colonies 
per plate was achieved for the pPNT transfection. For the target vector, pPRP, 
maximum transfection was obtained at a shghtly higher voltage, 650 volts with 250 
5 uF capacitance. Twelve resistant colonies per plate were recorded for the pPRP 
transfection. At these higher electroporation voltages, the sigmoidal pattern of 
decreasing cell survival and increasing transfection efficiencies was evident. These 
results are contained in Figures 7-9, 

Transfection of BFF cells with pPRP was repeated in a second experiment 
10 using the same voltages and capacitance as stated above. Once again, maximum 
transfection was obtained at 600 volts and 250 uF The number of resistant colonies 
obtained in this repeat transfection was comparable to those obtained in the previous 
pPRP experiment, 

1 5 Optimization of Drug Selection 

Untransfected bovine fetal fibroblasts were grown under various 
concentrations of geneticin (G418). A concentration of 400 ug/ml) G418 was 
routinely used for transfection experiments done by our lab, and this drug 
concentration was found to be sufficient to kill non-neomycin containing BFF cells, 

20 but would allow rapid growth of BFF cells transfected with a neomycin gene. 

Therefore, 400 ug/ml) G418 concentration was considered the starting point for this 
experiment and increased drug concentrations were tested. In the first experiment a 
broad range of drug concentrations; 400, 1000 and 3000 ug/ml) G418 were tested 
(Table 12), At 400 ug/ml) G418, the untransfected BFF cells continued to grow 

25 vigorously for three days following the onset of drug selection. Untransfected BFF 
cells grew at a reduced rate for this same time period under lOOOpg/ml G418, Within 
3 days of drug selection at 3000 ug/ml) G418, the BFF cells were dead (Figure 1 1). 
Ten days of drug selection with 400 ug/ml) G418 was required to kill the 
untransfected BFF cells. Two plates of cells were used for each drug concentration 

30 and cell counts were done at each time interval. Table 12 contains the average cell 
counts for each G418 concentration tested at the various time periods. 
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Table 12, G418 Drug selection of untransfected I3hF cells 











0 


0.57 X 10 


0.57 X 10" 


0.57 X 10 


3 


2.52X 10 


1.70x 106 


0.10 X 10 


7 


2.78 X 10 


0 


0 


10 


0.04 X 10 


0 





The range of drag concentrations was focused between 400 and 1000 ug/ml) 
G418 for the second kill curve with untransfected BFF cells. There was a reduced rate 
of cell proliferation at the higher drug concentrations (600, 800 and 1000 ug/ml) for 
the first few days after drag selection was begun. After seven days of G418 treatment, 
total mortality of the BFF cells had occurred with 800 ug G41 8 and only a small 
number of untransfected cells were surviving with 600 ug G418. It is apparent from 
both of these kill curves that there was a lag time of approximately 3 days in drag 
selection. During this time, BFF cell growth continued even at reduced rates with 
increased G418 concentrations. 

Bovine fetal fibroblasts were transfected with the pPNT constract and under 
went drag selection for twelve days. A broad range of drag concentrations were 
tested; 400, 1000 and 3000 ug/ml) G418. No mortality occurred after 12 days of drag 
selection for any of the concentrations tested. BFF cells continued to grow at reduced 
rates for these higher drag concentrations (Figures 10 and 11). Table 13 contains the 
average cell counts for two plates of BFF taken over a 12 day period. Due to 
difficulties in obtaining gancyclovir, no test selection of BFF cells was conducted with 
this drag. 



Table 13. G418 Treatment of BFF cells transfected with pPNT 
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0 


0.26 X 106 


0.26 X 10 


0.26 X 10 


4 


0.84 X 10 


0.49 X 10 


0.42 X 10 


7 


3.10X 10 


1.45 X 10 


0.99X 10 


12 


4.3 8x 10 


1.63X 10 


0.67x 10 
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Conclusion 

The objectives of this experiment were to clone genomic sequences of bovine 
priors gene (PrP), to create a targeting vector, and optimize the conditions for 
electroporation and drug selection in bovine fetal fibroblast cells. The targeting vector 
5 that was created was not successful, apparently because (1) it was not promoterless 
neo; (2) this vector has very short left-right genomic arms contained only 2.3 kb intron 
1, neo with its own promoter and 2.2 kb exon; and/or (3) the 14 kb intron 2 genomic 
DNA was completely excluded from this vector, resulting in actually 15 kb deletion. 
Accordingly, an alternative strategy for the construction of the targeting vector was 
10 developed that should solve these problems that is detailed in Example 2. 

Example 2 

Generation of a DNA probe for- isolation of Pr-P gene from a bovine genomic DNA 
library. 

1 5 PGR primers (5* primer, ATGGTGAAAAGCC ACATAG; 3^ primer, 

TATCCTACTATGAGAAAAAT) are designed so that the DNA sequences of the 
PGR product correspond to the PrP open reading frame which is part of the PrP exon 
3, The predicted size of the PGR product is 794 bp. 

20 Screening genomic DNA library and identification of PrP genomic DNA. 

A bovine genomic DNA library, which has been built, will be screened with 
the 794 by PrP probe labeled with nonisotopic digoxigenin-dUTP (Roche Molecular 
Biochemicals). We have successfiiUy cloned two genomic DNAs with such a labelling 
system. The identified PrP genomic DNA will be confirmed with partial DNA 

25 sequencing, and mapped for subsequently construction of gene targeting vectors. 



Construction of gene targeting vector. 

An about 10 kb PrP genomic DNA is needed as left and right arms of targeting 
30 DNA fragment for homologous recombination. The complete PrP coding sequence 
(795 bp) is deleted from the Exon 3, and replaced with promoterless neomycin 
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resistant gene. We hope to isolate bovine PrP genomic DNA fragment which is the 
region shown in Figure 12. 

Design a probe for genotyping PrP targeted BEF and animals, 
5 Once a PrP genomic DNA fragment was isolated, mapped and demonstrated to 

meet the requirements for the construction of the targeting vector, a 0.5 to 1.0 kb PrP 
genomic DNA, excluded from targeting vector, will be determined as a probe for 
genotyping gene targeted alleles. This probe is labeled with non-isotopic 
digoxigenin-dUTP (Roche Molecular Biochemicals), and tested in a Southern blot 

1 0 analysis for partially digested genomic DNA from wild-type. We have successftilly 
performed Southem blot analysis with such labeling method 

If necessary, multiple rounds of screening of the genomic DNA library will be 
effected, as it is possible that screening bovine genomic DNA library several times 
may be required in order to isolate DNA fragments which cover genomic regions 

1 5 necessary for building a targeting vector. 

Use ofthepromoterless targeting vector (Aim I) to carry out homologous 
recombination in bovine fetal fibroblasts to identify gene-targeted cells with a 
nulUmutation on one allele of the PrP gene, 

20 Bovine embryonic fibroblast (BEF) will be produced from a 35 to 40-day-old 

Holstein male fetus by ACT according to standard fetal fibroblast preparation 
methods. A large number of cells from this single fetus will be prepared. Analagously 
prepared cells have been successfiiUy used in the past to create cloned transgenic 
cattle. Fibroblasts are maintained in polystyrene tissue culture plates at 37°C, 5% C02 

25 Cells are passed 1:10 when they reach 80% confluency. These primary cells have a 
28-30 hour cell cycle and undergo approximately 30 population doubUngs before 
senescence. 

Introduction of PrP gene targeting constructs into BFF. 
30 A total of 1 X 10' BEF (80% confluency) are harvested by trypsinization, and 

resuspended at a density of 5 x 10^ cells/450 ul of ice cold PBS. A duplicate of 
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electroporation is performed. For each electroporation, a 2S-S0 ug of DNA targeting 
constructs in SO ul of PBS is mixed with 450 ul resuspended BFF in an electroelution 
cuvette, and incubated on ice for 10 minutes. Following the ten minute incubation the 
cells are again gently resuspended and then electroporated with the parameters of 600 
5 volts and 250 uF (Invitrogen E Electroporator). Following the pulse, the cuvettes are 
again incubated on ice for an additional 10 minutes. The electroporated BFF are 
transferred and resuspended in 10 ml of the above media, and plated onto ten 100 mm 
2 polystyrene tissue culture dishes with 5x10^ of cells per dish. The cells are 
incubated at 37°C, 5% C02 incubator. 

10 

Culture of PrP gene targeted BFF in selection medium containing G418. 

Selection medium containing 400 ug/ml G418 will be added to transfected 
BEF after 48-hour culture in normal medium following electroporation. The 
transfected BEF will be maintained in selection medium for about 10 days or till 
15 surviving colonies form. The concentration of G418 will be adjusted accordingly in 
order to select either heterozygous cells or possibly homozygous cells if higher 
concentration of G418 is supplemented to culture medium. 

Expansion and genotyping of surviving colonies of BEF after selection. 

20 Surviving colonies of BEF will be isolated individually with cloning rings, and 

expanded in selection medium. A dupUcate culture for each surviving colony is 
needed. One set is for extraction of genomic DNA required for genotyping, and the 
other set is for freezing as stocks. Genotyping of surviving colonies for gene targeting 
will be obtained with PGR approach as a primary screening followed by Southern blot 

25 analysis. 

Generation of a PrP heterozygous knock out (KO) bovine fetuses by nuclear transfer 
using gene-targeted cells 

Gene targeting is a technique that requires cell selection with antibiotics in 
30 order to isolate targeted-cell-colonies which derived from a single cell through 

multiple doublings. Since we are proposing to work with primary cell lines, by the 
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time a clonal cell line emerges there are barely any population doublings left for cell 
expansion. In 1998 and 2000, we published work that has demonstrated the capacity 
of somatic cell nuclear transfer to completely rejuvenate cell lines. This characteristic 
will allow us to perform homozygous gene targeting, the first one using primary cells 
5 from a naturally produced fetus and the second one using primary cells from a cloned 
fetus. 

Previous work on bovine somatic cell nuclear transfer has demonstrated that 
this technique is repeatable not only with primary cells firom fetuses and adult animals 
but with transgenic cells as well, hi our laboratory we are capable of producing 

1 0 transgenic animals by cloning at a reasonably high efficiency. Forty to fifty percent of 
the recipient cows (two blastocysts per cow) became pregnant. This overall efficiency 
however does not reflect the variation between cell lines. We have observed that not 
all clonal lines, although originated fi*om the same genome, will maintain the same 
level of efficiency (measured by generation of healthy fetuses). 

15 We will then generate male fetuses using 10 different cell lines. Line 1 will be 

non-transgenic fetal fibroblasts fi*om the same genome as the targeted cell line. Lines 
2 through 10 will be PrP homozygous KO cells. Efficiency to develop to blastocyst 
stage will be measured as well as pregnancy rates at 30 to 35 days of gestation and 
capacity to generate healthy 40 day old fetuses. 

20 The number of embryos (blastocysts) to be produced per cell line will be SO to 

be transferred into 25 cows. Since the magnitude of this work will not allow us to 
perform the whole experiment in one day, we will divide each cell line into 3 different 
replicates (one a day) and randomize all the different treatments. 
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Expected results: Based upon our previous work using transgenic cells, we would 
expect to have cell lines that are incapable of generating pregnancies as well as cell 
5 lines that can generate pregnancies at a rate of 40 to 50% with a 80 to 90% production 
of healthy fetuses. If more than one cell line produces healthy fetuses, we will choose 
five that have the best efficiency to generate the second round of gene targeting. 

However, it is possible that the pregnancy rate is below average for all cell 
lines. In this case we will prescreen cell lines fi-om different genotypes including 
1 0 different breeds . 

Egg retrieval and maturation 

Ovaries will be recovered at a slaughterhouse, placed in wane PBS (34''C) and 
brought to the laboratory within a limit of 8 hours. Each foUicle of more than 2 mm in 

1 5 diameter will be aseptically aspirated with an 1 8 G needle. Search of oocytes will be 
performed in modified Tyrode's medium (TL Hepes). Oocytes with a homogeneous 
cytoplasm, considerable periviteline space and intact cumulus cells will be placed in 
maturation medium M 199 (GIBCO), 10% FCS, S ul/ml bFSH (Nobly, 5 ul/ml bLH 
(Nobly and 10 uVml Pen-strep (Sigma) for 22 h at 38.5 C and 5% C02 It is expected 

20 that 70 to 80% of the eggs placed in maturation will be capable to reach metaphase n 
stage. 
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Donor- cell preparation 

Cell lines will be isolated from a 35 to 40 days old bovine fetus as follows. 
Under sterile conditions, liver intestines and head of the fetuses will be discarded. The 
remained part of the fetus will be carefully minced and placed in a solution of DPBS 

5 with 0.08% trypsin (Difco) and 0.02% EDTA (Sigma). After 30 min incubation at 37 
°C the supernatant will be discarded and the pellet resuspended with Trypsin- 
EDTA/DPBS. After 30 minutes incubation, the supernatant will be removed and 
centrifuged at 300 g for 10 minutes. Pellet will be resuspended in culture media 
(DMEM + 15% FCS, 4 ul/ml Antibiotic-antimycotic, 2.8 ul/ml 2-Mercaptoethanol, 

10 0.3 mg/ml L-glutamine) and plated in Polystyrene tissue culture dishes (Coming 

25010). After 2 passages mostly fibroblast-like cells will be in the culture. These cells 
will be used as control or for ftirther gene targetuig experiments. 

Egg enucleation 

1 5 Eighteen hours post maturation; metaphase n oocytes will be placed in a 

100-ul drop of TL HECM-Hepes under mineral oil (Sigma). Oocyte enucleation 
(extraction of chromosomes) will be performed using a beveled glass pipette of 25 um 
diameter. Evaluation of enucleation will be done by exposure of individual oocytes 
previously cultured for 15 min. in 1 ug/ml) of bisBENZIMIDE (Hoechst 33342, 

20 Sigma) in TL HECM-Hepes under UV light. 

Cell transfer 

Donor cells will be selected at G 1 (proHferating) stage using the shake-off 
method described elsewhere. Briefly, cells are cultured at SO to 60% confluency in 

25 the presence of culture media with 15% FCS. A few minutes prior to the cell transfer 
procedure, the plate is vortexed for 30 to 60 seconds at speed 3. Media is later 
collected and centrifixged at 300 g for 10 minutes. The pellet is then resuspended in 
Hecm Hepes media and cell used for nuclear transfer. Using a 20 microns internal 
diameter glass pipette, one cell will be loaded and placed in the periviteline space of 

30 the egg. 
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Cell fusion 

The enucleated egg and the donor cell will be fused with the egg's cytoplasm at 
23 hours post maturation according with conditions previously described. Briefly, 
enucleated eggs will be electrically fused with the donor cell using an electrical pulse 
5 of 2.5 kV-cm for 10 to 1 S microseconds in 0.3 M manitol (Sigma). 

Nucleus transfer- Unit (NTU) activation 

Fused embryos now called NTU will be activated chemically 2 hrs after cell 
fusion using chemical activation protocol consisting of placing NTU in media 
10 containing 10 micromoles of lonomicyn followed by a 8 hours incubation in 
cycloheximide and cytochalasin-B 

Embryo Culture 

After activation and during the first 72 hrs after activation, embryos will be 
15 cultured in 500 ul well plates with mouse embryonic fibroblast (MF) feeder layers and 
ACM media with 6 mg/ml BSA. On day 4, embryos were transferred to 500 ul well 
plates with mouse fibroblasts (MF) feeder layers, ACM media 6 mg/ml BSA and 10% 
FCS until blastocyst stage (day 7 or day R after activation) 

20 Embryo transfer and pregnancy check 

Embryo transfer will be performed as described elsewhere. Briefly, two 

blastocysts grade 7-1 or 7-2 (lETS classification) will be non-surgically placed in the 

uterine horn, ipsilateral to the corpus luteum, 6 to 7 days after the onset of estrous. 

Access to the homs will be via trans-cervical catheters. Pregnancy check will be 
25 performed by rectal ultrasoimd at 35 days post embryo transfer. Presence of heartbeat 

will indicate a healthy pregnancy. 

Fetus retrieval 

Once heartbeat is obtained, fetuses will be retrieved at 40 days after embryo 
30 transfer via laparotomy. The fetus/ fetuses will be removed from the uterus and 

without removing the placental sac placed in a SO ml tube with PBS and antibiotic 
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send to the laboratory at 4 degrees C. 
Calves delivery 

Three weeks prior to due date (280-285 days) recipient cows will be brought to 
5 the bam and monitored 24 hrs for any sign of early parturition, A week prior to 
delivery and 24 hrs prior to the C section, an IM injection of dexametasone will be 
administered to the recipient cow in order to trigger maturation of the calf s limgs. The 
next day, a C-section will be performed. Upon birth, the calf will be administered 
surfactant and monitored constantly until all his vital signs are stable. Pasteurized 
10 calostrum will be made available and administered to the calf upon first suckling 
reflex is observed. 

Genotype cloned fetuses and isolate PrP heterozygous KO fetal fibroblasts. 

Genotyping cloned fetuses 
15 Genomic DNA is extracted from tissues of the cloned bovine fetuses, and 

genotyped with Southern blot analysis with the same probe as for genotyping the gene 
targeted BEF which are used for generating the cloned fetuses. 

Isolation of low passages fetal, fibroblasts with PrP heterozyous knockout. 

20 Primary culture of BFF permit only a limited number of cell population 

doublings. Several of these doubling times will be utilized during the procedures of 
homologous recombination in BEF. At the point at which BFF with PrP heterozygous 
knockout are identified, they may possibly be near senescence and not adequate for 
one more round of homologous recombination. We anticipate that it will be necessary 

25 to isolate new BFF from cloned fetuses with PrP heterozygous knockout, and these 
new BFF will be used for a second-round of gene targeting to obtain PrP homozygous 
knockout BFF as described previously. 

The method to isolate and maintain PrP heterozygous knockout fetal 
fibroblasts is essentially the same as described previously, except that PrP 

30 heterozygous knockout fetuses will be the origin of the cells. 
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Homologous recombination in PrP heterozygous KO fetal fibroblasts and 
identify gene- targeted cells with null-mutations on both alleles of the PrP gene 

The method is essentially the same as the one described previously, except (1) 
PrP heterozygous knockout BFF are used for this second-round of gene targeting and 
(2) G418 concentration in selection medium is optimized to favor the survival of cells 
with PrP homozygous knockout. In a normal situation, the G418 concentration is 
needed to be double of that for selecting PrP heterozygous knockout cells, i.e. 800 
ug/ml in culture medium. 

Pitfalls and anticipated difficulties 

Fewer colonies than needed will survive selection medium with high 
concentration of G4 18. To ensure enough colonies being obtained after selection, 
triple or quadruple sets of electroporation will be carried out. Based on our own 
experiences in other knockouts, there is a possibiUty that we could have a difficult 
time to obtain PrP homozygous knockout cells in the second round of gene targeting 
because of very low efficency if the same targeting vector is used. The reason is 
speculated to be unknown that (1) the same targeting vector, which has no mismatch 
with the targeted allele of PrP heterozygous knockout cells, may tend to recombine 
with the targeted allele; (2) the use of the same selection marker will not discriminate 
heterozygous and homozygous knockout cells. To overcome this potential problem 
should it arise, we will build a gene targeting vector containing a different selection 
marker, i.e. hygromycin, for the second roimd of gene targeting. 

Generate PrP homozygous KO bovine calves by nuclear transfer using PrP 
homozygous KO cells 

In principle, we will repeat the experimental design as described previously, 
but in this case with 6 cell lines, one control and S targeted. Efficiency to develop to 
blastocyst stage will be measured as well as pregnancy rates at 30 to 35 days of 
gestation and capacity to generate healthy newborn calves. The number of embryos 
(blastocysts) to be produced per cell line will be 50 to be transferred into 25 cows. 
Since the magnitude of this work will not allow us to perform the whole experiment 
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one day, we will divide each cell line into 3 different replicates (one a day) and 
randomize all the different treatments. 
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Expected results: When two embryos are transferred per recipient cow, the overall 
5 pregnancy rate does not differ from embryos produced by conventional artificial 
insemination followed by embryo transfer. For reasons not yet understood however, 
there is significant increase of abortions in clone fetuses. Between 50 to 90 days of 
gestation and 220 to 280, half of the cows diagnosed pregnant will abort. Li our study 
with KO cell lines we expect the efficiency to generate healthy calves to vary 
10 considerably between Unes. The overall efficiency should be between 10 to I S % 
(cows transferred/healthy calves bom). 
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